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1 

imLb-Th-i^y^. 

im:m2}-mnmff).tsm-ri>mribttz 
-:r^>^y^:i.-f(m^^ti^ti<7)msiS^bmsm 

msm^. ^Ltiij-THyi-y^^L-mtLx^ 
mizl^l^UziibimLb-rh-tiyv, 

ju-7"$^i:v^t:^ff»c. i)^-?m^<o/;-:ii(yi-yi-jt.— 

f<^^f^ifi^ii^ii(omm.mbmmfnzmmth x 3 
m. Lfzm m3ssm <^:f_. 

[00011 

-:^Srfflv ^3t«rffl^r-t fctOfftS . 

[00021 30 

im(miSb%fmmmvxob-i-hms} i&f. if 

n.\^m>hi3-if^y^J&:i.--^\\:Xf^CliT\ b 
-fh) if^^Mt CS. lijiM. Nature. 354. 56 (19 

91)] . c^Txt^ ^<r>mm:^bm^(rimm:^ 

X\^h. 

[00 0 31 \.1j^\jmfnbZ.h. CNTgfla^^ 

-|a5tjir=Sr\-v^*^«-Cife&. «?!itf^^3 0 2 8 
6 7 4-^4^fc:(4. CNT?:. li§v. ffi^j. M;^)Lt> 

[0 0 04] bZ^iii±m<7>^mUi. CNTJrffl^^^: 

fc(4Ha^.*-t&s. *5ffiBcoBWJ4. m^mmmcn 
$i^tzfstxcnT<7)nmmii^itti>zb^m so 
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[0005] 

ismffmmit. mmimiz. -n<mm<7)m& 
s\^izimL^^^xoizmmmttbbi>tz. 

<7)^ii^il!i^^j:< b i>-&<^ymmbi:ittsmmz^&co 

Lxmj»nzna^Ltizbi:mLb-th-ky^x$>^. 

[0006] mm 1 (^y^izii\,^xii. Ji£<oKH 
fcffi^LtCNTO. at^. BE*. Mi^. m.. » 

mim ivmin.m'^^Mmb') 
(Dmmizmmmmimth^bizX'yx. m^m^ 

bLxm^-r::bi}-X^h. IM^y^li. mtii^ 
KHfci^WtiK^ ftftiSte L^<0^SaS3 -lirT C NT 

TC NTSr^tflS?:Jg|£L/i O-rS C: k J: -?TSji§ 
its. 

.SQjQ-o-iA-:iithffmmf,^x-^x-m^^ixtz-^y^\z- 

cNTkLTii. "^y^ffm^^^m-hb. ^<^a 

x^m^j:bii^m^<^i>(Oim\^xaxhi>'^y 
^mhZbhX'^h. z.ii(;><r)m^^ CNT<w^x^ 

[0 008] ;i<ntiib^ -b>1?-Sr^*>-?§^tcS8jtT' 

hZb Sr#^S k . -M<7)ma!<0 3 ^<0i!^^:< k t 
-^kSSvWfcS^^^iTV^v^^rk'^ai'C. 

ic i ^Tm«ft^5:ix ») aj-rc: k *«T§^:v^c ntj-s 
«<?.-tkktt, ffli^<^CNT(^)^?:jiixl.::k 
mmxht. •eo^tftfcjiif'fx. k<tc:a$#«0' 

nmibvmizimti>i.o\iz. sM^tcsjiis-frs*^ 

[0 009] Litifi-yxmm^mmmt. -it<o 
seajio. ffl*tism>msrktti:jg«kL. *o5 

i^tcWtESrskktjfc:. ^StoCNTi&av^t:^ 
fffc. 3&»offl«iOCNT<DS|Jg*«'5-itfii<0««ia5k« 

jak^$i*-Ti5^LJtii^is«<o-byrcfts. 



•c. i&^smffy-iitmmmiz. cvd (cheiic 

al Vapor Deposition) ft^fc't^i-jTCNTS:^:^? 

[0010] mmssmcomm. -mm^m 

[00111 ±E-fe>-9-{i. 0li.tf-«iOiB*e®Sia<O 
^S-. B5]«LfcCNT5"ttfRfc:J:oT3te^-r&C!: 
TSJt^itS. PL<{i. -*iO®*5SfiLhtcCNT?- 

^y^J^Atc^rS. iJtCNTtUT, -^-^X^IiJ&^t' 
*Cfli(,^c0i,O2rfflV^Ta;^ h:}>''»imiZt i>X^ 

[00 121 fiL-fey1^tfDSS^S^Btf>^^^:^# 

■r&ktfcfc:. ^a<0CNTi&5v^fc:Tfiftc> 3&*o«'* 

<^c N Tmm^iii^ti(7)m^^M&bmmizmm- 
txo^^mtfzm:c. mmx^ov&mbim 

^^xmtLtM^3mSL<^>TVS>i> . 
[00131 ±E-«:>^tt. ^-S-fttf^rk- 
ifjfpuzmmiMnzm^rx. cvom^b'^x-yx 

[00 14] 

[^(^mtmrn] hi (axi, *iih8(o*>i>-<o. 

Slli. J^^KO^ffit. fflJtl&I^Smaia. 
223Li:bi>tZSJm.bL. A^oSi^tlWtcSSUJt 
-«omffi921. 2 2i&iaifflBai-5i:fc*,fe:. ^ 

*«'eix^<x<osffiai2 1.22 kmmwfcs^s i o 
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:6$S:a5i./v:«ffii-C, S«fiK352 1 , 2 2<^)8Sfl2 1 

a. 22abmss.^-^xms:rtzbx. nmm2 
1. 2 2^^. mkLtiCNTs^-ftvxnsmtzwst 

Lt::h<r>X'hh. 

[0015] ^rtJHtCtJV^T^?^ 23. 24 {i-etl-f 

«eai2 1.22 k-«cfcjgjs$fut. mmm 

m^mxhh. ttLWs^2i. 22. fcj:t^JiH«2 
3. 24ji. mtiii^. m. r/Ps-'^^A^t'co^tt 

i£<^ym:!ik'mm^(r>mmmzX':>x. ±mi&SM 

lumm-^-ibifix^h. 

[00161 CNT3 b LTtt. wmLit^mmm^ 

m.<^mzi^txnmimim{tthimt:^h i> 

20 h^Ajn)m!{zm,xr-^.^x.rm.. -j^^ym. ii 



<OJ:dtccvDft^fflv^T. HS«»21. 2213*:. 

m^^tiftmjnc N T 3 ^a»fc:4j£$-«*^&*s*«# 

30 1. 2 2<0d ^(^^ (MT<i«fl6a{2 1 ) <r/yt£< b 
t*M$^. Fe. Co. n\t.fz\i.z.itt,^mr>2mx 
±<7^^<0j!«g. tL<ttCVD^T-Cjl«8t«<l: 

2 l<^)^S-J:Sjl««4fc«-e<OB3ffif<£*»/c>=5r5^fc: 

mm^hti:mmvmvx~^(r)m^2 1 

[ 0 0 1 8 1 ^fc. ±E-it<0«Sa52 1 . 2 2±«0S 
40 mi . BSfiia52 1 . 2 2S<^«i: 5r-t-tf«HtWS: 
vx^y^'-rs. Wiz. cvDil®<of-^wcrtT. Ift 
1 \z. -^r<^«fli^2 1 ffilA><i>flWO«Sa52 2 
fflK|6jttT C NT 3 &lSft$-li:6'^<lSJ©i&*-Jt:^«!B 

ocvDasrHMrrs. -eofsk. -:fr<^me»2 1 

«iaJ2 2fc:^acf:'C. 01(a)fc*-rJ:dfc#*iv^ 
50 [00191 ^ctJCVDSaUTtt. *eMS«l'5:i:'«v 



2*<7)«U»L1. L2«d*><^:6-<Ol8SSLlfc, Sta 

[00201 HcoeiaiiHiKtfcv^Tti. ^^a!^J^a^7)^fl: 

1 ±t . 21. 2 2 1 -eit-f ixa»r 

^at 2 3 . 24 ^wtnx . imimm<^)^i:!>^m 

[ 0 0 2 1 ] B2 (a)tt. *l6B8«0-byHf(^. lltt<0» 

}e»««[i<o«iiifc. -«(^is«cosga52 1. 

2 2 SrSVHcSat U^rV^J: o tCj^S^-S fc i: t, fc. 

^iaei^eii<^n<o. m«&^2 i . 2 2@<DMi^ 
t . mwm2 1 . 2 2±«0'eix-fn-a5<offl«t s--^ 

tf^fc, §^cOCNT^^tf|g30t»dta:ii_t._ 
•c:M«fiiJ2 1 , 2 2S2:. Sg[l83 0^^'fc:^*i^S 

[00 22] JiEMBOJi. m^LJtidfci^StoCN 

Lxm^miwmu zmm^. ms^miz^w^ 
xhxw fc^T-fe>-t^s2T«^aJ•r^.^^a5*J^a*»7K•c 

[0023] K30+<0CNT{i. ifefcj^^ldfcv 

TTi . Rii8*«-eit-ffi<7)mffia52 1, 22 1 amwfc: 
mm!S.L. ^(r)m<^w^^ti^ix.<r>mMi2 1 . 2 

mmihtiibiz. wmmmmiizti^^xn. agas 

3 0 mm-ii&izmmm^mim^mtt: 



(4) !t^2003-227808 

6 

muz. -^fnipi^w§f'^mmimaLf::*)txtx 

[0 0 24] t:f::mmizm<mmijmizi5\,^xii. m 
^mi:miLxwi3om&-ti>mz. mmiz--^ 

w^mtz^ffimtLx. «sa2i. 22i:. -e 
10 <mmmmL 1 ffymmt s— ^isin^ ^'y-j^fmr 

l^t'tXi>X^\ 

10 0 25} mSO'^iZ^^tlhCNTtLXii. 5fefc 
2(b)«. ±iJH2(a)<7H:y-9-S25^fflV^T. 31^t*!fia 

jti5iKHTj>s. mrimaimmi. ^y^s2tmMP 

Si:i&38<'2*<0S»Ll, L20dt>C>-*<7«»L 
20 1 fc:. jsaes-^rs c: t fc , wat^Jf ^>":># ?:« 

m-^zkbimt tx-sm&uvRimmiznx-t 

i>bbi>iz. flfcfr<0S»L2K:. «c^AMS-E5iJfc:if 

[00261 0coeiaj0B}fc:i5V>Tt,, i1«jHjft<^^ 

tJz-^XK-B-O^tOGN-TiOmfvfifilfii^flrtS-fc" 

0iO-fey9-S3tt. ¥iB«iO-it«OEttS 
30 ffi4 1 . 4 2 ^5^^fcWt:iiiB^& bbi>iz. m.(r> 

CNTSS^SV^fcTfffc, **CHH«<OCNT3<0?|3gi&« 
mm<0M«TO4 1 . 4 2 t«^tc«i^-rs J: d 
fiSi&ai;c;t«®-C, ®*emfii4 1 . 4 2c7HFiio^rii>]t 

mi^^wk^h^Lbx. wmnmA i , 4 21a 

iiftUfcCNT3*:frUT1i»>^»C«8Lfct><^"C 
[0027] -*t<0Bat^4 1 . 4 2Ji'e-iim, «fe 

s^i 1 . 1 29mwiz. ma*, ffl. rf\^%~^j^ 
ts:}i<r^>mm:m^x. rr^x-fra^T-h^ 

lfii&JgiattSC:tT#A>il5, leSfflSl 1. 12!:L 

[ 0 0 2 8 1 iMmmmmizxm^, ttdsm 

b'<omi^m^izjt±ifx. -*t<^1ii*^SS4 1 , 4 
2i:-r&^i:t>-C^S. i<^)i^J4*eM^ 1 1 . 12 

-if<0iiii«mffi4 1, 4 2Hfc. 
}i!X.:t^cOC NT3 o k^ii\^izSm^-^h 

50 B(iE<oJ:^fc:cvDffi^ffl^^yi^hffi^^T^<W^f 
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[00291 z<o:mim-rt^iz\i. t-r-n^ 
2 ) <^-^< fc i>mi. 9t<^%^tmmizmiti> l< 

X\ -*OBB«mffi4 2fl8*»^>flWoiii*e«ffi4 
rSlftT C NT 3 S:tiK«$-«*-S'«at©i&3{p»-W:ttS-C, 

VDSJ-Hter?.. -ed-r^t, -*c7)BiMj«ffi4 2(^ 
tciSJiJ ^tU:i^(OC NT 3 . 

[00 301 z<7)^i>^ cvumttxti. 

1 K 1 2^if^<0lMII*«^i, 'J^^K^tZbi^a. 

OfiS-CC NT 3 $r4J«-CS «.^r&3{p»Jifc:«W$ii 
S3(b)l4. J:g03(a)<O^^y1^S3i&fflV^r. ^ 

<0t<OtH«fc, -fey-9-S3fcmPSi:5:SI<'23f«o 
filSL 1 , L 2<0 d t»0-*<^)«»L 1 fc. IfiSteiS 

X. 9hmm<^^{zir>xciiT3ff)9siiimmm^ 
[ 0 0 3 1 1 04 (a){±, ^mifo^y^(o^ miLcm 

t:, ±iE3a!itt:*»<DCNT*^il3 0«r«tfifc 
T', TO<jtBffi4 1, 42m. SSK 3 0+^***1 
S C N T Sr:ft- LT«^t:«i|g corfc S . 

[00321 -ncm^mk4 1 , 4 2t4-titm, m 
3(!i)mkmkiz. »3smsLi 1 , 1 2<^9(c. ir 
ffi^, ffl, T}vs.-^M.^if<mm^mi:m\.^x . r 

fm:. I -^xmrnmrn^mmt :Ltxm<oixt. 
mmii 1, 1 2fcLT{4, amm. 

mm^j:t't ixwkmm^m&i^hi&m 
wsmmx^m. iM^mmrnxm^ttimm 

fc'«o«iia^¥iSttfctt±{f T-itc7)ii5ttmfiS4 1,42 
fcL-C,»g»^ll, l'2*««&-r6CfcfcT^S. 
[0 0 3 31183 0a, H2(a)<^fcP«t:Lt:m 

Sits. •t^xhhm.ffycNT^mnz^LX'^wss. 
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-«<!0ffi«®Bi4 1 , 4 2<oo*>i^Sr^o«fflt:iR#ft 
HL, >IC7)»B?S^, -'M(^m^W&4 1 , 4 2<0d*> 

to-ir (t^i.Jfffi*e«ffi4 2 ) w^ffi{cM^eLfc«t>iE 

<iS«S=3rt'LTJS3 Oj&ggJSSttS. 
[0034] ^cofci: , JJEM3 0±fcflte(^<7)ffi4j^ 
4lS:«Si-Si:-fey9-S436if#<oii&«-CS.S3tf>', 15 

#io]g3 0(4ii-i^fc:av^yti6, mt.imm^^xm4 

10 1, 4 2®tX'<— 9-$rfi^tf^:ifLTM3 0*«a-rS 
cO*^»tLvn ll3 0 4"«OCNT{i, ifetCj^'^idK: 

NTTfc, IPS3&<-e*l-PfWOiiftt€ffi4 1,42 t^SI. 

J3Lh«0CNT*^LTCNT«^?rlli&mL, ^crm<D 
W&¥^iL^tieom^Wm4 1,42 tll^WfcigJi? 

[00351 ^rfc, ffi3 04'COC NTcoffii»i:tri6ii&T-# 

immti>t:i^izii. mMtmm<o9mi:mLxi:>x 

20 V^. KSO^fc^inSCNTfcLTJi, 9cizW<^X 
X^l«S^ri:'*CRiiV^c7)tW*fflv^TtJ:V>. 04(b) 

«, ±iea3(a)«o-b>^s3i&fflv^t:, mm<^ 

[00361 0<O«iajEI«Hl, 3tO02(b)Ot><^i:P 

«t:, -fc>"9-S4i:m^PSt?rSI<'2*CDM^Ll, 
L2t09fec7)-:^c^8SLi{c, fitse^fc»f^>o^ 
30 iilHSc7)fc»<7)iir^KfliVR$-ig3aj{cJ¥A-rsti:i»fc:, 
fl!rtr<^)«J»L2t:, S8SlfAM*15!lt;^XLfc«»<0-C 
J>^T, Haga|Sl£7^'fl:t:J:->Tig3 0+tf5CNTc7)« 

i:Lr, ^SM^AMtzXr^xmMRhilkifiX^t, 

mi 1 0(a)i4, *^j«-fe>ir<7), iiife<o?g®c7)- 

[021 0(a)«, las^^gsoffi 
40 <:O0!*S<11&^«a, 0(b)Ji, ±a-byi?-Cfifi^-r 

[031 0(a)»4, *3^^«-fei^cO, |life<?5Jg®«? 
/i.fc:flSc^2r^itfc*:M«0, 0(b)tt, AM^y^lz 

t. 

[041 0(a)«, i^mm-^y^<r>. mm<mm(o^ 

50 [flr^il^l 
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